Introduction
The name f3 Ah03 derives from the assumption that this substance is one of the alotropic forms of aluminum oxide. When BRAGG, GOTT-FRIED and WEST (1931) started the first crystal-structure determination, the material was known to contain some sodium. Previously STILLWELL (1926) had already stated that the presence of sodium oxide was essential for the syntheses of f3-Ah03 crystals, which form thin hexagonal plates parallel to (0001), a plane of perfect cleavage. The crystal-structure investigation turned out to be difficult. The authors hesitated to assume a structure based on the formula N a2Al22034 because, while consistent with space group P63/mmc, it was not in agreement with the chemical analysis for sodium or the density measurement. BEEVERS and Ross (1937) , however, confirmed the structure proposed on the basis of the 'ideal' formula Na2A122034, as well as its isomorphic form K2Ah2034. Their work was based on a different chemical analysis of higher quality as mentioned by the authors. Although excellent agreement of calculated and observed structure factors was obtained, one problem could not be clarified satisfactorily namely the position of the alkali atoms, which may be in either [001] or aU] if the origin of the cell is taken at one ofthe centres of symmetry. It has been argued lately by SAALFELD (1956 ) that sodium beta alumina may not have a stoichiometric composition at all. Chemical analysis for sodium content have reported results ranging from 2.7 to 8.6 wt. % Na20. A reinvestigation of the crystal structure and a detailed study of the sodium-oxygen interlayer has been carried out now by means of three-dimensional intensity data.
Unit cell and space group Crystals were taken from the center of a corroded fusion-cast betaalumina refractory block which had been used for about two years as superstructure material in a tank for sheet glass. Because of the excellent cleavage parallel to (0001) it was very difficult to obtain single crystals.
Precession photographs showing systematic extinctions were used to determine the diffraction symbol 6/mmm C-/--c. Possible space groups are C62c, C6mc and C6/mmc. This agrees with the first spacegroup determination of beta alumina reported by HENDRICKS and PAULING (1927) .
Precise values for the length of the a and c axes were obtained from a back-reflection Weissenberg photograph.
The data were adjusted by means of a least-squares calculation.
The values of the cell dimensions thus obtained together with those given by former authors are listed in Table 1 . The crystal was mounted on the diffractometer with the a axis as rotation aXIS. 305 reflections were collected and the intensities corrected III the usual way including an absorption correction for the prismatic shape of the crystal.
Refinement
Structure factors were calculated using the coordinates given by BEEVERS and Ross. In their final conclusion about the position of the two sodium atoms in the cell they had considered equipoint 2d on
[fit] the most probable one. We retained this assumption for the first stage of our refinement. The purpose of this procedure was to obtain a three-dimensional electron-density map of the crystal structure. Only one scale factor was used in the refinement. Reflections were nitially assigned equal weights but were weighted by 2.5/Fo in the final cycles. Scattering curves for half-ionized atoms were employed. The full-matrix least-squares refinement program SFLSQ3 written by C. T. PREWITT was used on the IBM 7094 computer. The alkali problem in the crystal structure of beta alumina 97
The original atom coordinates with the best fit of scale factor and isotropic temperature factors yielded an R value of 33.7%. With more than nine observations per variable six cycles of refinement varying all parameters led to convergence and a disagreement factor of 5.4%.
Electron-density maps synthesized on the basis of the refined structure factors showed a spherical distribution of the electron density for all aluminum and oxygen atoms within the 'spinel blocks'. The observed electron density agrees with that expected by the original model.
To investigate the location of the sodium atoms, three-dimensional electron-density maps were produced assuming no scattering material between the two adjacent blocks of cubic closest packed oxygen atoms. These maps revealed additional electron density in the special positions [iU] and [Ut] . The shape of these 'electron clouds' was not spherical, but approximated a rotational ellipsoid with the (shorter) rotation axis parallel 6. The ellipsoid at [iU] was flatter than that at [tin These are equipoints 2d and 2c for sodium and oxygen, respectively, as suggested by BEEVERS and Ross (1937) . Taking full occupancy of these equipoints into account another refinement cycle yielded abnormally high temperature factors for both atoms. Scattering curves for both neutral and half-ionized atoms were tried without any significant change in these factors. Extensively negative areas turned up in both locations on electron-density difference maps using structure factors based on more reasonable temperature factors. This feature led to the assumption that the positions of sodium and oxygen within the interlayer are not fully occupied. Taking only fractions of these atoms into account additional cycles of refinement yielded reasonable temperature factors for sodium (1.86 A2) and for oxygen (0.96 A2). According to these temperature factors the occupancy of the sodium position was diminished to 350;0 and that of the oxygen position to 820;0.
Two final cycles of refinement varying the parameters of all atoms in the cell led to convergence and reduced the R factor to 4.3%. The atomic parameters and their standard deviations based on the final structure-factor computation are given in Table 3 .
Discussion of the structure
The picture of the crystal structure shown In Fig.1 yields the impression of two areas of different stability. The less stable interlayer of sodium and oxygen atoms in the mirror plane perpendicular to the c axis is of special interest in the present work. BRAGG, GOTTFRIEDand WEST (1931) assigned the structure to P63/mmc. This assignment has been improved and retained in the present work. The unit cell consists of two blocks, each with four layers of oxygen atoms. They are closest packed and contain aluminum atoms in tetrahedral and octahedral coordination on positions identical with those of the aluminum and magnesium atoms in the structure of spinel. The arrangement of the atoms inside the 'spinel blocks' has been confirmed by the small disagreement factor R computed for the refined structure. The interatomic distances are listed in Table 4 .
The 'spinel blocks' form plates parallel to (0001) of unlimited extension. Two adjacent blocks related to each other by a mirror plane are joined together by a layer of oxygen and sodium atoms which is not closest packed and therefore less stable than the packing of the blocks.
The problem discussed in the paper of BEEVERS and Ross (1937) as to whether the sodium atom is occupying the position of equipoint 2d which are not fully occupied the proportion of 35% partial occupancy for sodium to 82% for oxygen is not quite satisfactory because of the excess of oxygen. The final electron-density difference map yields an answer to this problem: There is some remaining electron density indicated in the shape of a flat corona around the sodium position [IU] with the inside diameter of 1.6 A and some further electron density in the direction of the oxygen atoms of equipoint 12k. These oxygen atoms are nearest neighbors to
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the sodium atom, which thus realizes six coordination. The distance of 2.84 A from the sodium position [iH] to the six oxygen atoms in the adjacent blocks is still considered too large to provide sufficient stability. This was previously mentioned by BEEVERS and Ross (1937) , who found a distance of 2.89 A.
According to SAALFELDand KATO (private communication), who succeeded in extracting all sodium without distortion of the betaalumina structure, the H30+ -ion may assume the stabilizing function of the sodium in the structure.
For our problem it means, that hydrogen atoms forming 0... H bonds with the oxygen atoms on equipoint 12k may be indicated by the remaining electron density on [iU], as described above.
The sodium-oxygen interlayer of the beta-alumina structure is to be considered disordered. According to the possible Na+-H30+-ion exchange the specimen studied in this work represents just one stage in the transition from one endmember, Na2A122034, to the other, H6Ab2036, in which all sodium is replaced by H30+. The mechanism of ion exchange may include the formation of holes as indicated by the deficiency of matter on [iU] and [tU] in this crystal.
